Background: Central obesity, diabetes mellitus, dyslipidaemia and chronic hypertension-features of the metabolic syndrome-have been individually associated with venous thromboembolism (VTE). However, whether each of these factors additively increases the risk of VTE is uncertain. Aim: To determine whether features of the metabolic syndrome independently increase the risk of VTE. Design: Prospective cohort study derived from the Heart Outcomes Prevention Evaluation 2 (HOPE-2) randomized clinical trial. Setting: One hundred and forty-five clinical centres in 13 countries. Methods: We studied 5522 adults aged 555 years with cardiovascular disease or diabetes mellitus. At enrolment, 35% had 0-1 features of the metabolic syndrome, 30% had two, 24% had three and
Introduction
The metabolic syndrome-characterized by the presence of central obesity, dyslipidaemia, impaired handling of glucose and chronic hypertension 1 -is associated with an increased risk of atherothrombosis, 2 endothelial dysfunction 3 and activation of the coagulation system. 4 Obesity, 5, 6 type 2 diabetes mellitus 7 and dyslipidemia 8 have all been associated with venous thromboembolism (VTE). Ageno and colleagues recently reported a doubling of the risk of deep vein thrombosis (DVT) in association with the metabolic syndrome. 9 However, it remains to be determined whether the risk of VTE increases in proportion to the number of features of the metabolic syndrome that are present.
Methods
We completed a prospective cohort study of VTE occurrence among the HOPE-2 study participants. As described elsewhere, 10, 11 HOPE-2 was a large randomized, placebo-controlled clinical trial that enrolled 5522 persons aged 55 years of age or older with a history of symptomatic cardiovascular disease, or who had diabetes mellitus and at least one additional risk factor for atherosclerosis. Participants from 145 clinical centres were randomized to receive a once-daily supplement containing 2.5 mg folic acid, 50 mg vitamin B6 and 1 mg vitamin B12, or matching placebo, and were followed for a median of 5 years. Written informed consent was obtained from all trial participants, and the trial was approved by the research ethics review board of each participating centre.
The prevalence of features of the metabolic syndrome was recorded at baseline, using the original inclusion criteria definitions in the HOPE-2 study, as follows: (i) central obesity, defined as a waist circumference 4102 cm in men and 488 cm in women; (ii) diabetes mellitus, defined as a confirmed history of diabetes; (iii) pre-existing hypertension, defined as a systolic blood pressure 4160 mmHg, diastolic blood pressure 490 mmHg, or treatment with antihypertensive medication(s); and (iv) dyslipidaemia, defined as a fasting serum total cholesterol 45.2 mmol/l or a high-density lipoprotein cholesterol (HDL-C) <0.9 mmol/l. serum triglycerides were not measured.
VTE during follow-up included symptomatic, objectively diagnosed DVT or pulmonary embolism. DVT was confirmed by duplex leg ultrasonography or venography, and pulmonary embolism confirmed by ventilation-perfusion lung scanning, CT pulmonary angiography or conventional pulmonary angiography. Only one episode of VTE was counted per participant during follow-up. VTE that occurred in participants who did not have cancer at baseline and that did not occur within 90 days of a lower limb fracture or within 30 days of being hospitalized, were subcategorized as episodes of unprovoked VTE.
Incidence rates were calculated for the presence of 0-1, 2, 3 or 4 features, and trends were analysed using the Cochran-Armitage test. A time-to-event analysis was done using Cox's proportional hazards regression model. A hazard ratio (HR) and 95%CI expressed the risk of VTE in association with 2, 3 or 4 features of the metabolic syndrome, relative to 0-1 features. A priori, we chose having 0-1 characteristics as the reference group, as few participants had no metabolic syndrome features. The HR was adjusted for the 11 variables listed in the footnote of Table 2 . Incidence rates of VTE were compared in the presence vs. absence of each individual metabolic syndrome feature using a 2 test. Statistical significance was set at two-sided p < 0.05 for all analyses.
Results
There were 5522 participants, with a total of 25 215 person-years of observation. The mean age at enrolment was 68.9 years, and 28% were female ( Table 1 ). The prevalence of each metabolic syndrome feature is listed in Table 1 .
There were 88 episodes of VTE during follow-up, equivalent to an overall incidence rate of 0.35 per 100 person-years. Three episodes that were considered episodes of VTE in the original report of HOPE-2 were not included in this analysis, as the method of diagnosis was not indicated, and initiation of anticoagulant therapy was not documented. DVT occurred in 61 cases, pulmonary embolism in 33, and six had both DVT and pulmonary embolism. Of the 88 VTE events, 42 were unprovoked. About 35% of participants had 0-1 features of the metabolic syndrome ( Table 2 ). The incidence rate of VTE increased somewhat according to the number of metabolic syndrome features, but not significantly so (trend p ¼ 0.43) ( Table 2 ). Relative to the reference group (0-1 features), there was a 22% higher adjusted risk with two features of the metabolic syndrome, a 25% higher relative risk with three features and a 26% higher risk with four features ( Table 2 ).
The incidence rates of VTE (per 100 person-years), comparing the presence vs. absence of each individual metabolic syndrome feature, were as follows: 0. 
Discussion
In a cohort of adults with cardiovascular disease or diabetes and additional vascular risk factor(s), we failed to observe a significant association between presence of a greater number of metabolic syndrome features and the risk of VTE.
As a study limitation, the number of participants with an episode of VTE prior to study entry was not known, and more than half of all VTE episodes were provoked, occurring near the time of a hospitalization or lower limb fracture. We also defined dyslipidaemia based on an elevated serum total cholesterol level or a low HDL-C, while conventional definitions rely on elevated serum triglycerides or low HDL-C. 1 At the same time, there is ongoing debate about the relative importance of triglycerides in vascular thrombosis. 2, 8 Abnormal glucose metabolism was based on a history of diabetes mellitus, but plasma glucose levels or other markers of insulin resistance were not measured. Hypertension was based on receipt of antihypertensive therapy at baseline (which was so for the majority of participants 10, 11 ), or the presence of a systolic blood pressure 4160 mmHg or a diastolic blood pressure 490 mmHg, a higher value than the threshold of 140/90 mmHg conventionally used in defining the metabolic syndrome.
1,2 Hence, we may have misclassified some participants as being free of one or more features of the metabolic syndrome, which would attenuate any true relationship between metabolic syndrome and VTE, especially unprovoked VTE. The current study was also statistically underpowered to detect a small increase in risk of VTE with metabolic syndrome features: there was only a 34% power to detect the 0.10% observed difference in the incidence of VTE among persons with 4 vs. 0-1 features of the metabolic syndrome.
Ageno et al recently completed a case-control study of 93 persons with unprovoked DVT at a mean age of 65 years. 9 The adjusted odds ratio in their study was for DVT in association with the metabolic syndrome, but the authors did not adjust for concomitant medication use, and did not explore the association between the individual components of the metabolic syndrome and VTE risk. Rather than using their 'all-or-nothing' definition for the metabolic syndrome, we considered the additive effect of having more than one feature. However, central obesity alone appeared to be a contributing risk factor, a finding consistent with other studies. 5, 6, 12 Better epidemiological evidence is needed to establish whether the metabolic syndrome is a risk factor for VTE, and, if so, which features are most influential. The optimal study should be restricted to persons with unprovoked VTE. Until then, the metabolic syndrome should not be viewed as a clinically useful indicator of VTE risk. Adjusted for baseline age, sex, baseline cigarette smoking, any hospitalization for heart failure during the period of observation, any hospitalization for stroke during the period of observation, any diagnosis of cancer at baseline or during the period of observation, any diagnosis of a hip or leg fracture at baseline or during the period of observation, prescription of anti-platelet therapy at baseline or during the period of study, prescription of an oral anticoagulant at baseline or during the period of study, prescription of a statin medication at baseline or during the period of study, and prescription of oestrogen at baseline or during the period of study. c 572 persons had no features and 1354 persons had one feature of the metabolic syndrome. For each, the incidence rate of VTE was 0.30 per 100 person-years. HR, hazard ratio.
